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NOTiCE

This document may rot ke reproduced or published ir any
form in whole or in part without prior approval ot the
Government. Since this is a progress report, the
informaticn herein is tentative and subjiecr to changes,
corrections and modifications.




PREFACE

This Second Quarterly Progress Report was prepared by the Douglas
Aircraft Company, Santa Monica, California, under Contract

No. AF 33(615)-3014 entitled "Improved Fractographic Techniques".
The program was initiated and is monitored by the Materials
Engineering Branch (MAAE), Air Force Materials Laboratory, with

Mr. Russ Henderson as Project Engineer.

This report covers work performed from | October 1965 to 3| December 1965.

Approved For:

DOUGLAS AIRCRAFT COMPANY, iINC.

. %A{
G. V. Bépnett, Chief
Metalcs-Ceramics Branch
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ABSTRACT

The work effort in the second quarter has consisted primarily

of completion of most of the mechanical tests for the three

tasks and preliminary data interpretaticn of Task | (Determination
of Rapid-Crack~Propagation Direction in Metal Fractures). A

chart showing the progress of all specimens in this program is

enclcsed.
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analysis techniques.

INTRODUGT {ON

in fractographic analysis, the electron microscope has already proven its

value by solving service failures that could not be resolved with standerd

Aithough the use of this instrument for fractographic

analysis has progressed significantly, there are still many unanswered
problems that electron fractography may be instrumental in solving,

providing care is taken in the preparation and interpretation of fracture

features seen in the microscope.
The program is divided intc three tasks, as follows:

Task | -~ Determination of rapid-crack-propagation direction in metai

fractures. Electron fractographic analysis will ba employed

to examine significant fracture features that will! be instru-
mentz! in determ ning the propagation direction of rapid cracks
in Thin, high-strength metal alloys. High-magnification and
low-magnification fractographic techniques will be employed.
Using @ technique of statistical analysis, overall surface
features will be examined, as well as second-phase particle
cleavage direction. In addition, the use of large silicone-
rubber replicas will be evaluated for intrinsic properties that
may be of significant value in relating fracture-surface profile

to fracture direction.

Task |1-- Determination of the characteristics cistinguishing stress

corrosion from hydrogen embrittliement. Three high-strergth
steels will be examined with electron fractography after the

specimens have been charged with varying levels of hydrogen




Task il--

and have failed under sustained stresses. Special care wil!

be taken to ensure that these failures are caused soleiy by
hydrogen embrittiement. In addition, stress-corrosion specimens
wiil be failed urde- conditions approaching pure stress corrosion
as closely as possible, although some problems are anticipated in
preventing hydrogen generation at the metal during corrosive
action. Ail specimens will be examined for fine-scale features
with the use of direct carbon replication techniques, where
required. In addition, a novel technique utilizing autoradio-
graphy combined with fractography will be employed to determine
whether fine-scale features seen in possible hydrogen-embrittled
areas coincide with isotope-tagged areas. For this series of
tests, tritium, the radioactive isotope of hydrogen, will be

emp loyed.

Investigation of the correlation between fatigue striation
spacing and stress environment. Several aluminum a2!loys will

be fatigue fractured under very closely monitored conditions

of crack growth in wide panels. The macroscopic propagation
rate, stress, and fatigue striation spacing will be accurately
measured to determine their relationships. These relationships
will be determined under conditions of varying alternating stress,
mean stress, test frequency, and thickness. Some specimens wil!
be spectrum loaded on automatically controiled fatigue equipment
utilizing typical aircratt service stresses to determine the
variations in the relationship between fatigue striation spacing,

macroscopic-growth rate, and applied cyclic stress. All
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macroscopic~crack growth and fatique-stress cvcles will be

automatically recorded and monitored throughout the entire

test.

WORK_ACCOMPL ISHED

The chart which shows the status of each individual specimen planned in
this program is included in the appendix of this report. The codes used
are explained in the chart. The last letter forming the bar for any
specimen designates that the specimen is completed through this specific
operation. In order to correlate the specimen numbers shown on the chart

with an actual me erial and testing conditic.a, refer to Tables | through 3.

2.1 Task | - Determination of rapid-crack-propagation direction in metai

tractures.

Z2.1.1 The heat treatment schedule and the resulting mechanical properties
of the ~ontrol specimens are shown in Tables 4 and 5 respectively. The
higher strangth of the D6AC was probably due to the relatively high carbon

content of this heat of steel.

2.1.2 The type of specimens used in tensila tear and combined tear and

shear tests are shown in Figure .

2.1.3 Photomacrographs and shadowgraphs of fracture edge profiles have been
obtained. Silicone rubber casts were made of the fraéture surtaces in an

attempt to correlate tracture surface protfile characteristics with fracture
direction. This techrique was discontinued because profile characteristics
showed poor correlation to fracture direction. The most promising technique
tor correlation of fracture teatures with crack propagation direction was

replication of the fracture surface adjacent to the edge. There appears to

be a consistent tear dimple (2 dimple open to the edge) orientation relative

‘to the fracture direction near the edge. This orientation relationship was
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TABLE 2

MECHANICAL PROPERTIES. TASK |

MATERIAL THICKNESS 0.2% OFFSET YIELD ULTIMATE PERCENT ELONGAT{ON
(IN) STRENGTH (KS1) STRENGTH (KS1) (2 in. GAGE)
4340 0.050 206.6 260.5 7.5
(260/280) 207.5 260.2 7.5
209.0 261.4 7.2
4340 0. 125 214.1 269.8 9.0
(260/280) 215.7 269.8 9.5
2i6.7 271.4 10.0
4340 0.050 167.4 182.2 7.5
(180/200) 170.6 185.5 7.5
172.1 186.7 7.5
4340 0.125 174.2 187.4 10.0
(180/200) 176.4 187.9 10.0
173.4 187.2 10.0
D6AC 0.050 248.6 287.3 6.0
(260/2%0) 245.5 287.9 5.0
248.1 289.6 5.0
D6AC 0. 125 250.7 291.7 6.0
(260/280) 251.9 294.0 6.0
253.6 295. | 6.0
AM350 0.050 173.0 199.2 0.0
(SCT 850) 176.4 205.6 10,0
174.8 202.7 10.0
AM350 0.125 1711 204.3 13.0
(SCT 850) 173.9 204,5 13.0
170.8 204.6 13.0
7075-T6 0.050 75.6 83.5 1.0
76. 1 84.3 1.0
76. 1 84.1 1.0
7075-T6 0.125 78.5 84.8 1.0
78.5 84.7 1.0
78.5 84,1 11.0
2024-T3 0.050 51.2 69.5 i7.0
51.0 69.4 18.0
52.3 69.6 18.0
2024-T3 0. 125 56.4 72.0 16.0
56.3 71.8 (6.0
56.6 71.6 16.0
10
. 7’ r—-ﬁ ,4. TN e———




JABLE 5 (Continued)
! MECHANICAL PROPERTIES, YASK {
l MATERIAL THICKNESS 0.2% OFFSET YIELD ULTIMATE PERCENT ELONGATION
I (IN) STRENGTH (KSt) STRENGTH (KS1) (2 in. GAGE)
7079-T6 0.050 65.7 ~ 71.8 9.C
(Chem Milled 64.6 72.0 - 9.0
lrom {/4" Plate) 64.4 72.0 9.0
7079-Té 0. 125 65.7 71.8 9.0
(Chem Miiled 64.6 72.0 9.0
®rom |/4" Plate) 64.4 72.0 8.0
Waspalioy 0.050 124.6 186.4 25.0
(Aged) 126.2 187.6 25.0
125.2 186.3 25.0
' Waspal loy 0.125 t30.3 187.5 21.0
(Aged) 129.9 188. 1 25.0
' i32.0 188.4 2.0
l i
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verified on both mating fracture surfaces. Figures 2 and 3 show the tear
dimple orientation as related to fracture direction. Shear dimpies which
are slosed to the fracture edge, as shown in Figure 4, have inconsistent
correlation to fracture direction. Dimples located near the center of
the fracture, Figure 3, are either equiaxed or randomly oriented, and

therefore show no apparent correlation to fracture direction.

2.2 Task |l - Determination ot the Characteristics Distinguishing Stress

Corrosion from Hydrogen Embrittlement

2.2.1 The configuration of the hydrogen embrittlement and stress corrosion

specimens used in this task is shown in Figure 5.

2.2.2 The heat treatment schedule for the three different steeis tested

are shown in Table 6. Microhardness measurements confirmed the absence

of either a decarburized or carburized surtace. Tablé 7 shows the mechanical
properties of the heat treatment control specimens. The D6AC was not retempered

because the hardness was in the range of Rc53 to Rc54 (269-278ksi).

2.2.3 The various piating treatments for hydrogen embrittiement and sfress
corrosion specimens are shown in Table 8. After the processing all specimens

were stored at sub-zero temperature (-6°F) prior to loading.

2.2.4 Triplicate specimens were Stressed to 50%, 75§ and 90% of 0.2% offset
yield strength. The fixture used to load the specimens in a 30,000 Ib.
capacity Riehie tensile machine is shown in Figure 6. After loading, the
hydrogen embrittiement specimens with their jigs were placed in plastic

bags containing dessicant. The stress corrosion jigs were wax-coated and
placed in an alternate immersion rack, Figure 7, to be immersed in deionized
(ioys of soluble salts removed) water for |0 minutes, followed by a 50 minute

air drying cycle.
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EXAMPLE OF SHEAR ciMPLES CLOSE TO THE FRACTURE._EDGE.
THIS TYPE OF DIMPLE NOT A _GOOD _FRACTURE BIRECTION iNDICATER-
FIGURE 4
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JAGLE ©

SPECIAL PROCESSING OF HIGH STRENGTH STEEL SPECIMENS
EOR HYOROGEN EMBRITTLEMENT AND STRESS CORROSION SUSTAINED LOAD FESTS

A. PICKLE, CADMIUM FLUCRBORATE

Pickle; Cadmium F luobcrate Plate; No bake or post treatment

Acid Pickle ~ 208 MC! 2 min.
Cd Fluoborate
Plate ~ Operating Conditions:

Cadmium F lucborate - 32 oz/gail.
Cadmium (Free Metal) - 13 oz/gal.
Ammcnium Fleoborate ~ 8 oz/gal.

Boric Acid - 3.6 oz/uai.
Brighiner - 0.!5 oz/gsl.
Temp. - 70-100°F
Current - X-60 amps/ff2
Yolitage - 4-6 V.

FH bt 3-30 5
Anode/Cathode - 2-1

i ime - 8 min.
Thickness - 0.3 mil

B. DM AN{DE

Vapor Honed; Cyanide Cadmium Plate; No bake or post treatment

Vapor Honed - Wet Abrasive
Cvanide Cadmium
Tlate - Operating Conditions:

Cadmium Oxide - 2.9-5.5 oz/gal.
Sodiur Cyanide - 12.0-20.0 oz/gal.
Scdium Carobonate - 2.0-8.0 oz/gal.
NaCN/CQO - 2. 8-600
Sodium }ydroxide - 1.0-3.2 oz/gal.
No Brightnser
Temp. - 70-90°F
Current - 60-80 amps/H2
Voltage - —
PH - above 12
Time - 8 min.
Thickness - 03 mid

c. DM FLY

Same as Treatment A except no Pickiz. Vapor Honed to clean; No bake

D. BARE SPECIMENS

No treatment. Vapor Honed cleaned only.

20

T AT S R T T e s




TABLE 8 (Continued)

SPECIAL PROCESSING OF HIGH STRENGTH STEEL SPECIMENS
FOR HYDROGEN EMBRITTLEMENT AND STRESS CORROS|ON SUSTAINED LOAD TESTS

E. YVACUUM CADMIUM PLATED

Vapor Honed; Vacuum Cadmium Plate; No bake; Chromate post treatment

Vapor Hone - Wet Abrasive
Vacuum Cadmtum
Plate - Qutside Vendor:

Aradite, inc.
10647 Garfield Ave.
Southgate, Calif. 90280

SP 3-4210

!

‘ Chromate Post

§ Treatment - Solution:
Chromic Acid - 32g/70C mi
Suifuric Acid (Conc.) - 15m1/700 mi
Nitric Acid (Conc.) - 16mi/700 mi
Time - 30 sec.

.- 21
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2.3 Tosk iti - investigaticii of o Lorrelation Uetwesr Fatigue Stristions

Spacing and Appiied Cyciic StTress

2.3.1 The aluminum alloys in this task were received in the heat treated
condition with the exception of the 7075-T73 condition. Tn2 T73 condition
was obtained by aging the 7075-T6 material at 350°F for 9 htours. Table 9

chows the mechanical properties of the heat treatment control specimens.

2.3.2 The configuration of the crack propagation specimen is shown in

Figure 8.

2.3.3 The various fatigue stress levels used in this task are shown in

Tables 10 and Il. The stresses selected were chosen to avoid compressive

stresses during the fatigue cycle. This was done in order to preveat damage

to the fractured surfaces.

2.3.4 The progress of each individual fatigue crack was monitcred by both
visual observation and by special crack propagation gages.as shown in
Figure 9. These gages consisted of twenty individual strands 0.10 inches
apart. The consecutive breaking of individual strands due to their inter-
section by the fatigue crack is recorded. The crack propagation was also
foliowed by visually noting and recording the progress of the crack tip
with reference to a 0.10 scribed grid. The number of cycles, propagation
gage indications and visual records were recorded simultaneously on a

strip chart. The complete test setup is shown in Figure 10.

SUMMARY

The mechanical testing of Task | and Task 11l has been completed with the

exception of the spectrum load specimens in Task Ill. Data analysis of

Qg m—y
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TABLE 9

MECHAN|CAL_PROPERTIES - TASK 11|

0.2% OFFSET YIELD | ULTIMATE STRENGTH | PERCENT ELONGATION
| MATERIAL | THICKNESS, (IN) STRENGTH (KS1) (KS1) (2 in. GAGE)
2024-T3 0.050 5.2 69.5 7.0
51.0 69.4 (8.0
52. 4 69.6 {8.0
2024-T3 0.500 56.0 66.0 18.0
56.6 66.6 18.0
56. 4 66.6 20.0
7075-T6 0.050 75.6 83.5 i1.0
76. 1 84.3 1.0
76. | 84. | 1.0
7075-T6 0.500 75.6 82.4 12,0
74.7 82.0 (1.0
78.2 84.3 7.0
67.8 78.5 10.0
65.8 76.6 10.0
64. | 74.2 12,0
62.0 73.0 13.0
7079-T6 0.050 65.7 71.8 9.0
64.6 72.0 9.0
64.4 72.0 9.0
6061-T6 0.050 42, | 47.4 i1.0
42.0 47.4 1.0
42.3 47.6 l i2.0
i
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hese a0 18hksS «re in prigress. Freiiminary data indicates that there

ic a corre!aiinn hetween tear dimple orientation at the fracture edge

and fracture airection.
Sustained (oad testc of Task || are in progress.
FUTURE WORK

During the third quarter specirum load tests of Task 11l wili be completed

and date anilysis in al! tasks will proceed as specimens become aveilable.
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o/lpip|p|p|p|o|p|lDiD|{D|D|D|{D|D|D|D|D|D|D|D|D
ele|elele |e|eleje|eiele|e|e|e|6{ele|e|e(E|E
Fle|e|e|Flele|F|elf|e|F|s|F|F|F|F{F|[F|F|F|F
Glclecle|clc|c|e|clGiG|c|c|c|clele|c|Gl6|6|G

TASK 1l - TEST PROCEDURE FOR HYDROGEN EMBRITTLEMENT A
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